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*Corresponding authors 12 e-mail : le.paslier@cng.fr 13 e-mail : berline.fopa-fomeju@iteipmai .fr  14  15  16  17  18  19  20  21  22  23  24  25  26  27  28  29  30  31 Introduction   56 Next-Generation Sequencing (NGS) technologies, by reducing the cost and increasing the throughput of 57 genotyping and sequencing, have opened doors of research efforts to generate genomic data to a wide 58 range of species that had not yet benefited. In particular, reduced-representation sequencing methods 59 made it possible to develop markers and genomic sequences without any prior genomic information as 60 a reference genome, and thus are particularly suitable to these so-called 'orphan' (or 'minor') species 61 [1, 2] . These methods are either based on the sequencing of DNA fragments after use of restriction 62 enzymes (Restriction-site Associated DNA sequencing (RAD-seq), Genotyping-By-Sequencing (GBS), 63 to cite few), or on the sequencing of the expressed fraction of the genome (exome sequencing, RNA 64 sequencing (RNA-seq)) [3, 4] . 65
It is relevant to take advantage of this technological leap to work on these species 'neglected' by the 66 global academic research, but with strong local economic importance [5] . In addition, it is increasingly 67 recognized that a better exploitation of biodiversity in agriculture would help to face the new issues 68 (diseases, droughts) related to climate change [6] [7] [8] . 69
In this study, we proposed a methodology for the development, within a year, of a large scale molecular 70 resources for an orphan species. We studied as an example Lavandula angustifolia. Lavender is a 71 perennial sub-shrub plant native from the Mediterranean region and is best known for its essential oils 72 that have numerous applications in perfume, cosmetics, pharmaceuticals, and alternative medicines [9-73 11] . Lavender is one major species in the Medicinal and Aromatic Plants (MAP) field: the lavender 74 culture (which includes true lavender, L.angustifolia, and a related species, the lavandin (Lavandula x 75 intermedia)) represents 43% of the surface area of MAPs in France [12] . Another important specificity 76 of lavender is its ability to produce yields under water-limited environments and on stony mountain soils 77 where no other successful farming is possible [10] . Moreover, the cultivation of a limited number of 78 4 French National Center for Genotyping (Evry, France) . 147
All sequencing reads were deposited into the Short Read Archive (SRA) of the National Centre for 148
Biotechnology Information (NCBI) and can be accessed under the Bioproject number PRJNA391145. 149
150

Data Analysis
151
DNA-seq and RNA-seq trimming
152
The raw paired-end reads produced following RNA and DNA sequencing were filtered with CLC 153 Genomics Workbench 8.5 (https://www.qiagenbioinformatics.com/), hereafter named CLC, to obtain 154 high-quality cleaned reads. The Illumina adapter sequences, low quality sequences (limit = 0.001), 155 ambiguous nucleotides (no "N" allowed), and short sequences (minimum length = 70 nucleotides) were 156 removed during the trimming process. 157
158
De novo assembly of leaf, flower bud and root transcriptome of Maillette
159
The pipeline used to build our lavender reference Unigene from RNA-seq data is presented on Fig 1. The 160 currently popular tools used for the de novo RNA-seq assembly are all based on the construction of a De 161
Bruijn graph. However, each tool has its advantages and its limits and produce different types of 162 bioinformatically derived artefacts. In a recent study, Cerveau and Jackson [28] have shown the interest 163 of surveying the outputs of different assembly tools to generate a high-quality transcriptome. In the 164 present study, we chose to perform de novo assemblies with CLC v 8.5 and TRINITY v 2.1.1 [29, 30] . 165
The cleaned paired-end reads from RNA sequencing of leaf, flower bud and root of the lavender clone 166 'Maillette' were pooled and used for the de novo transcriptome assemblies. Since reads 1 were of better 167 quality than read 2, they were used to build the primary De Bruijn graph and reads 2 were used to resolve 168 8 bubbles in the graph. The k-mer size values used were 64 bases for CLC and 25 bases for TRINITY(fixed default value). 170
The quality of the raw assemblies was assessed with TRANSRATE [31] . TRANSRATE maps paired-end 171 reads back to the raw contigs and calculate metrics (percentage of reads mapping back to contigs in 172
proper pairs, number of contigs with a predicted open reading frame, estimation of fragmented 173 transcripts…), in order to assess how well the assembled contigs are supported by sequencing data. On 174 this basis, a score is determined for each contig and the set of contigs with best scores are gathered into 175 an "optimized assembly". TRANSRATE also computes a global score that allows comparing two or more 176 assemblies performed with the same initial dataset but with different tools or settings. 177
To evaluate the completeness of the assemblies, we performed a BLASTx+ (e-value 1e-20) alignment of 178 the optimized assemblies against SwissProt database (http://www.uniprot.org/) using a script developed 179 by the TRINITY developer's team (https://github.com/trinityrnaseq/trinityrnaseq/wiki/Counting-Full-180
Length-Trinity-Transcripts). This analysis allowed to determine (i) the number of unique best blast hit 181 (BBH) found with contigs from each optimized assembly and (ii) the percentage of coverage of the hit 182 sequence by the contig. 183
We finally took advantage of both assemblies to build the reference Unigene. This Unigene is compound 184 of the sequences assembled with TRINITY or CLC that covered more than 70% of their BBH in 185
SwissProt database with more than 30% identity. In case of redundancy within an assembly (i.e, several 186 contigs matched the same hit in the database), we only kept the longest contig in the Unigene. Likewise, 187 when two sequences built by CLC and TRINITY had the same BBH, we only kept the longest form in 188 the Unigene or, in cases of equality, the one with the highest alignment similarity percentage. 189
190
In silico functional annotation of the reference Unigene 
Iterative targeted assembly of lavender genes
207
The Unigene sequences and the reads from the DNA sequencing of the clone 'Maillette' were used to 208 performed iterative mapping /assembly steps to build a set of reference gene sequences (with exons and 209 introns) as described in Aluome et al [27] (Fig. 2, S9 File) , hereafter called Genespace. 210
Briefly, the first iteration consists in mapping the whole-genome DNAseq reads on the reference 211 sequences of the Unigene (step 1, Fig. 2) . Then, the reads that mapped in pairs and broken pairs (i.e, only 212 one member of the pair mapped) are extracted (step 2, Fig. 2 ) and assembled into de novo contigs (step 213 3, Fig. 2 ). For further iterations, the total reads from DNA sequencing are mapped on the new sequences 214 10 assembled at the end of the (i-1) th iteration (repeat of steps 3 to 5, Fig. 2 ). We stopped the iterations when 215 the maximum number of sequences from the reference Unigene were re-built in the draft Genespace (in 216 our case, at the 8ith iteration) thus getting our reference Genespace (step 6, Fig. 2) . 217 CLC Assembly Cell (https://www.qiagenbioinformatics.com/) v 5.0 was used for reads mapping 218 (CLC_ref_assemble_long tool) and read extraction (sub_assembly tool) steps. Mapping was less 219 stringent at the first iteration (step 1, Fig. 2 : 100% of the read length with a similarity percent of 95%) 220 than for other iterations (step 4, Fig. 2 : 100% of the read length with a similarity percent of 98 %) in 221 order to take into account exons/introns junctions at the first step of mapping. For assembly steps, we 222 used idba_ud v. 1.0.9 software [34] . This tool offers the advantage to use the new sequences assembled 223 at the iteration i-1 to 'guide' the assembly at the iteration i (--input-long-read option) and thus allowing 224 to keep the information build at the iteration i-1 while assembling new sequences at iteration i. Parameters 225 used for idba_ud for all iterations were a minimum kmer size of 25 nucleotides and a maximum kmer 226 size of 100 nt (--mink 25 --maxk 100), with an increment of 5 nucleotides (--step 5) and a similarity value 227 of 1 nucleotides (--similar 1). 228
To assess the reconstruction of the Unigene sequences with a successful intron introduction, we 229 performed a BLASTN alignment (e-value 1e-6) of Unigene sequences against the sequences built at the 230 end of each iteration of DNA assembly. 231
232
SNP discovery
233
Filtered DNA-seq paired-end reads of the 15 lavender clones and of the lavandin 'Grosso' were mapped 234 against the Genespace sequences with CLC software. To be included in the mapping, at least 95 % (90% 235 for 'Grosso') of the read (length fraction = 0.95 or 0.90) must be aligned to the reference sequence with 236 at least 90% identity (80% for 'Grosso') (similarity fraction =0.90 ou 0.80). Moreover, reads with non-237 11 specific matches (i.e. reads mapping equally well at several alignment positions) were excluded from the 238 mapping. 239 SNP detection was performed with tools. It has been demonstrated that a 240 significant improvement of SNP calling -in terms of further successful genotyping of the SNP-can be 241 obtained by focusing on SNP discovered by more than one method [38] . According to the initial 242 sequencing depth of the genotypes studied; we applied a maximal depth cutoff of 50X to consider a site 243 for SNP discovery. This maximum cutoff was applied to prevent SNP detection in regions with very high 244 depth of coverage that could correspond to repeated DNA regions. 245
For variant discovery with CLC we used the Fixed Ploidy Level tool. A diploid model for SNP calling 246 (ploidy level = 2) was selected with a minimum read coverage of 5, a maximum read coverage of 50, a 247 minimum non-reference allele count of 2 with a minimum frequency of 40% (calculated as "number of 248 non-reference alleles at the site"/ "total site coverage"). Broken pairs and non-specific reads were not 249 used for SNP detection. The minimum base quality required for the putative SNP and the 5 bases on both 250 sides of the SNP was of 25. For variant detection with GATK, mapping files generated with CLC were 251 exported in bam format files to be used in GATK. We used HaplotypeCaller, SelectVariants and 252
VariantFiltration tools included in GATK to perform the analyses. A maximum read coverage of 50 and 253 a minimum per base quality of 30 were required to consider a polymorphic site as a putative variant 254 (since, with GATK, we could not provide a quality parameter for the bases in the vicinity of the called 255 SNP, we defined a quality threshold for the called SNP higher in GATK than in CLC). We then applied 256
SelectVariants and VariantFiltration programs to only select SNP in each vcf files and to apply filters to 257 SNP calling similar to those applied with CLC. Finally, in order to prevent from spurious SNP calling, 258
we applied SelectVariant tool to extract the SNP that were concordant (position and genotype 259 information) between CLC and GATK vcf output files to get a cleaned set of putative SNPs. 
Results
270
RNA-seq and DNA-seq trimming
271
A total of 169,082,890 (84,541,445 pairs) of RNA paired-end (PE) reads were sequenced reaching 25.5 272 Gigabases (Gb) (S2 Table) from leaves, roots and flower buds of 'Maillette'. After trimming on quality, 273 length, ambiguous nucleotide and adapters, a total of 144,322,837 reads totaling 19.7 Gb (77% of initial 274 dataset) remained for de novo transcriptome assembly with a mean PHRED score per read around 40. 275
Depending on the genotype, the number of paired-end DNA reads sequenced ranged from 29,985,684 to 276 145,227,504(S2 Table) . Given that the genome size of Lavandula angustifolia is approximately 1Gb 277 (Iteipmai CASDAR 2011, [45] ), this corresponds to a theoretical mean depth of coverage ranging from 278 5X to 22X. The clone Maillette reaches the highest sequencing depth because it was used for the 279 transcriptome-guided DNA assembly described below. TRANSRATE uses reads data in pairs to assess the quality of assemblies (Table 1) . A total of 66,107,704 287 paired-end reads (92% of cleaned reads) remained in pairs after independent trimming of the reads 1 and 288 the reads 2. More than 62 million of pairs mapped back to the contigs assembled with TRINITY and 289 CLC. Of these mapped reads, almost 60 % were assessed to be mapped in "good" pairs according to the 290 TRANSRATE standards, meaning for which both members of a pair were aligned on the same contig, in 291 the correct orientation and without overlapping either end of a contig. If the TRANSRATE score obtained 292
for CLC raw assembly (0.154) was better than for TRINITY raw assembly (0.108), the scores were 293 similar for optimized assemblies with a score of 0.184 and 0.198 for CLC and TRINITY assemblies, 294
respectively. 295
Finally, a pool of 147,672 contigs from CLC raw assembly and 194,706 contigs from TRINITY raw 296 assembly were selected as two optimized assemblies for downstream analyses. 297
To assess the completeness of the optimized contigs sets, we used a TRINITY utility (see Methods), to 298 perform a BLASTX alignment against SwissProt database (e-value 1e-20) ( Aluome et al.[27] , an iterative transcriptome-guided DNA assembly was performed to 323 insert introns into Unigene sequences (Fig. 2) . 324
Out of the 10,060 sequences of the reference Unigene, 8,147 (81%) sequences were found in the DNA 325 sequences assembled at the end of the 8th iteration (Fig 3A) . From those 8,147 sequences, 3,556 326 (43.64%) matched longer sequences in the DNA assembly than in the Unigene; 1,164 (14.28%) were 327 concatenated in 550 sequences with the DNA assembly; and 3,427 (42.06%) sequences matched shorter 328 sequences in the DNA assembly. A total of 1,913 sequences of the Unigene (19%) did not have a hit inthe assembled DNA-seq and were later identified as being contaminant sequences (see next section). 330
The alignment (BLASTN) of the Unigene contigs against their corresponding "gene sequence" from the 331 DNA-seq assembly allowed to estimate the number and the length of introns and exons in the "gene 332 sequences" (Fig. 4) . Thus, the number of exon per sequence ranged from 1 to 24 with a mean value of 3 333 (median =2); and the number of introns per sequence ranged from 0 to 23 with a mean value of 2 (median 334 =1). In addition, we noticed that the size of the exons and introns was roughly equivalent. Exons size 335 ranged from 54 bp to 4,000 bp (mean=288 bp, median=189 bp), and introns size ranged from 0 to 3,800 336 bp (mean=235 bp; median=114 bp). The mean percent of identity for an HSP alignment was of 98 %, 337
indicating that, when existing, sequences reconstructed with the DNA-seq assembly were highly similar 338 to the ones built with de novo RNA-seq assemblies. 339
For SNP detection, we built a reference set called "Genespace" composed of all the sequences initially 340 present in the Unigene but in their longest form either coming from the de novo assembly of RNA-seq, 341
or from the DNA-seq assembly, with the assumption that the longer the sequence, the more introns there 342 are. The sequences not reconstructed with the DNA assembly were also included. The Genespace resulted 343 in a set of 9,446 sequences (21.4 Mb). 344
345
SNP detection
346
The first step consisted in conducting 16 individual mapping jobs with the DNA sequencing reads from 347 the 16 clones. For each mapping job, almost 6% of the DNA-seq mapped on 85% (more than 8000 348 sequences) of the Genespace sequences and, at least 90% of the length of each reference sequences was 349 covered by one or more DNA sequencing reads. While removing the 5% extreme values, the mean depth 350 of coverage of the sequences ranged from 9X to 49X. A total of 1,442 Genespace sequences (1.3Mb -351 jobs. These sequences were part of the 1,913 Unigene sequences that were not rebuilt with the DNA-seq 353 assembly (see previous section). Further investigation indicated that these sequences corresponded to 354 sequences from micro-organisms known to be part of plants rhizosphere (data not shown). 355
Microorganisms DNA was extracted and sequenced simultaneously with the plant DNA. Sequencing was 356 good enough to allow very good sequence assemblies that passed the filters against the SwissProt 357 database and ultimately proved not to be orthologous sequences. 358
Depending on the individual, a total of 39% to 64% of the SNP identified with CLC were concordant 359 (position + genotype calling) with those identified with GATK. The selection of the subset of concordant 360 SNP between the two tools led to the construction of a genotyping matrix of 16 individuals * 359,323 361 SNP (Fig 5, S5 Table) . 362
These SNP were spread on 7,332 Genespace sequences with a mean value of 1 SNP per 90 base pairs 363 (bp). Considering the mapping information from the 16 genotypes studied, each polymorphic site 364 conserved in the matrix was supported by 5 to 800 reads, with a median value of 130 reads (Fig 5b) . The 365 minimum value of 5X was tolerated when a polymorphic site was detected, or reached sufficient quality, 366 in only one genotype. A total of 61% of the SNP had a minor allele frequency (MAF) ranging from 0.4 367 (exclude) to 0.5, 29% had a MAF value in the range 0.05-0.4 and 9% had a MAF value inferior or equal 368 to 0.05. The clear majority (98%) of the conserved 359K SNP were biallelic (S5 Table) . 369
On average, within this matrix of 359K SNPs, a clone basically had about 50% of the SNPs at 370 heterozygous state, 20 % at homozygous state and 30% of missing data (Fig 5a, S5 Table) . Missing data 371
were mainly due to our stringent settings for SNP calling filtering steps. Interestingly, 114 to 1,281 372 putative private polymorphisms (i.e. allele found in one clone but not the others) were found within the 373 lavender clones, with 20 to 121 SNP being at homozygous state (S5 Table) 
Genetic distances analysis of 16 lavender clones
378
The 9,449 polymorphic sites generating no missing data were used to calculate genetic distance between 379 the 16 clones with the Provesti method (S6 Table, S7 Fig) . Rare alleles within the genotyping matrix 380 were deliberately preserved in the dataset in order to maximize the discriminations between the clones. 381
The pairwise genetic distance matrix was used to perform a neighbor joining tree with 1000 bootstraps 382 (Fig 6) . Some notable clusters were observed. Firstly, and as expected, we observe that 'Grosso' appeared 383 to be divergent from the lavender clones. Secondly, some tight clusters were observed: C15.50-B7, Diva-384
Maillette, Ruffinato-5.90 and Gabelle-Frisée (the two "blue lavender" of the dataset). The bootstrapped 385 trees suggested that the clone 77.13 shared a common ancestor with Ruffinato and 5.90, though 77.13 386 seems to have more diverged than the two later from the shared ancestor. Finally, it seems that the known 387 geographical origin France / Bulgaria was not structuring in our dataset as B7 was genetically closer to 388 C15.50 than to B6, the other Bulgarian clone. 389
Results obtained on the PCA with the 16 clones were analogous to the hierarchical clustering result (S8 390 Fig) . The main axes of the PCA performed with the 16 clones split the lavandin 'Grosso' from the 391 lavenders. The second principal axe was due to the group '5.90'-'Ruffinato'-'77.13'-'Diva' and the group 392 'C15.50'-'B7'. The first three axes explained 23.37%, 10.04% and 8.60 %, respectively, of the variability 393 observed between these clones. To better assess the intra-specific diversity, a PCA performed between 394 the lavenders (Fig 6) confirmed that the distinction between 'C15.50'-'B7' and '5.90'-'Ruffinato' 395 explained most of variability along the first axe. The first three axes explained 13.07%, 11.22% and 396 18 9.27%, respectively, of the variability observed between these clones. The clones B6, Francine, 397
Matheronne, FC28, YC77, Frisée and Gabelle appeared to be relatively close to each other's. 398 399 400
Discussion
402
In this study, we proposed a methodology for the rapid development of a large scale molecular resources 403 for an orphan species. We studied as an example Lavandula angustifolia, a species of great economic 404 importance from the Lamiaceae family and the Medicinal and Aromatic Plant (MAP) sector. Our goals 405
were, firstly to develop genomic reference sequences thanks to de novo RNA-seq assembly coupled with 406 a transcriptome-guided DNA-seq assembly. Secondly, we used these resources for SNP mining and 407 finally tested the SNP within the scope of a phylogeny analysis of lavender clones.. In this section, we 408 discuss the efficiency, the advantages and the areas requiring improvement of the method proposed. were recommended to get a comprehensive assembly, we could say that we had enough data to get 425 relevant sequences from RNA data. To assess the assembly quality, it has been demonstrated that the best 426 metrics included (i) the proportion of reads mapping back to the assembly, (ii) the recovery of conserved, 427 widely expressed genes and (iii) the total number of Unigene sequences [47, 48] . 428
In this study, we used the tool TRANSRATE to calculate the proportion of reads that mapped back to the 429 de novo assembled contigs. Results indicated that 94% of reads pairs mapped to the contigs but this value 430 dropped to ~60 % when considering reads that mapped in a "good manner" as defined by Smit-Unna et 431 al [31] . It is difficult to compare this value since this metric is not yet widely used. Similar studies only 432 provide the global percent of reads mapping back to the reads -which, in our case, indicate that the 433 assemblies are well supported by reads data. Moreover, we obtained TRANSRATE scores of 0.184 and 434 0.198 for optimized assemblies obtained with CLC and TRINITY, respectively. This indicated that our 435 assembly was better than 25 % of the published assemblies tested in Smith-Unna et al. [31] . 436
To assess the recovery of genes, we chose to perform a BLASTX alignment analysis against the 437 SwissProt database. To build the reference Unigene, we only selected assembled sequences that covered 438 at least 70% of their hit in the database with at least 30% of similarity. With these supplementary selective 439 conditions, we restricted ourselves to a narrow annotatability of the reference Unigene and we may have 440 20 missed out some well assembled sequences or biased our reference Unigene towards well-conserved 441 sequences between species. However, according to our goal that was to develop molecular resources with 442 a high level of reliability, this choice was appropriate to prevent from keeping sequences with assembly 443 errors, which could lead to poor mapping quality for SNP detection [49, 28] . Despite filtering steps and 444 due to the database selected for BLASTX alignments, contaminant sequences were identified in the 445 10,060 selected sequences of the Unigene and removed to obtain a cleaned reference set of 8, 640 446 coding sequences. 447
Gathering the results obtained from two or more assemblers allow to reduce the number of sequences 448 due to bioinformatics artefacts and thus, to increase the assembly quality [28] . In our reference Unigene, 449 almost 90 % of selected sequences where assembled with both Trinity and CLC indicating the high-450 quality and reliability of the Unigene developed herein. 451
Lastly, to complete the information available for assembled reference sequences, we performed in silico 452 functional annotations. Due to the selective steps prior to annotation, we have reach high annotability of 453 our reference Unigene. Annotation information may be relevant for genetic studies based on candidate 454 genes approaches such as association mapping analyses. 455
456
Introns insertion
457
To perform a good SNP detection, the first step consisting in the alignment of sequencing reads from 458 individuals on a reference sequence is of great importance. The originality of this study lies on the 459 insertion of intronic sequences within the exons of the Unigene sequences to recover full-length gene 460
sequences. This has the advantages to improve read mapping quality at exon/intron junctions and to 461 increase the number of reads mapping on the reference sequences, the two resulting in increasing the 462 putative number of SNP detected. In addition, there is potentially more polymorphism in the introns 463 we maximized the possibility of finding polymorphism between genetically close individuals. 465
In this study, DNA assembly for introns insertion allowed the reconstruction of 81 % of the sequences 466 initially present in the reference Unigene versus 88% in the initial study of Aluome et al.[27] . Among 467 these reconstructed sequences, we found that the size of some sequences was shorter in the Genespace 468 than in the Unigene. There are different hypotheses to explain this partial reconstruction. The first one 469 would be that there might be transcripts with introns in the reference Unigene since intron retention is a 470 common splicing mechanism in plant [50, 51] . By selecting the longest form of sequences, we might have 471 enriched our reference Unigene with sequences where the introns were retained and thus that could not 472 be improved with the DNA assembly. Another cumulative hypothesis would be related to sequencing 473 depth and the high polymorphism frequency in the clone used in this study. Since the sequencing depth 474 reached in the RNA-seq was larger than in the DNA-seq, some complex sequences may have been built 475 in the Unigene but not in the Genespace due to a lower sequencing depth and thus lead to assembly 476 premature stops. 477
It would be interesting to conduct a structural annotation of the sequences with an appropriate software, 478 in order to have a finer information on the intron/exon organization of the assembled sequences. 
kb)). 494
This study is the first one to report genetic distance analysis at molecular level between a large number 495 of cultivated clonal lavender varieties. The main conclusions that can be drawn from these results are: (i) 496 the globally homogeneous genetic distances between pairs of clones, related to the allogamous nature of 497 the species, a restricted area of cultivation and the varietal creation method; (ii) as well as an absence of 498 structuring related to the geographical origin [10] , but this last result must be moderated because we had 499 only two Bulgarian clones in the study. Some results obtained can be interpreted in light of the 500 information available for the clones studied. In particular, the cluster compound of Gabelle and Frisée 501 can be explained by the fact that these two are "blue" lavender, selected for the persistence of the flowers 502 after the cut, whereas all the other lavenders studied in our collection had been selected for their quality 503 and / or yield of essential oil. Similarly, from an agronomic point of view, the Diva and Maillette lavender 504 are distinguished from other cultivars by their very good yield (number or flower/feet), even if they are 505 distinguished by their chemotype (CRIEPPAM, personal com.). Moreover, the results obtained in this 506 study are consistent with previously published results. Notably, the low genetic differentiation within L. 507 angustifolia has been previously reported [28] . In a study including wild and improved lavender 508 23 populations, blue lavenders and clonal varieties -some of which were included in our collection, Chaisseet al. [55] had also reported the genetic proximity between C15.50 and B7 as well as a notable structuring 510 of the diversity between the blue lavenders and the clonal varieties selected for their essential oil content. 511
The other observed clusters cannot be interpreted because of lack of information on these cultivars. 512
Indeed, most of these clones were collected from fields of open-pollinated varieties, and these varieties 513 came from collections in natural environment. Thus, the origin of cultivated clones was lost due to a lack 514 of traceability. However, the results presented here are as many clues to decipher the structuring of 515 genetic diversity within the species and to trace the history of the domestication of L. angustifolia and its 516 related species. It would be interesting to carry out a larger scale analysis to explore all genomic resources 517 available for breeding programs in order to build appropriate collections for association mapping studies 518
and to assist breeders in the selection of parental genotypes to initiate breeding programs. Our results 519 suggest that, given the low genetic differentiation between cultivars, high resolution molecular markers 520 such as SNP would be required to accurately explore the genetic diversity of lavender species. 521
522
Conclusion
523
This study presents an original way to use the RNA-seq and DNA-seq assembly to develop molecular 524 resources on a species for which no genomic information is available, with little bioinformatics resources. 525
This method has the advantage of allowing the detection of SNPs in intronic regions, known to exhibit 526 more variability than exons and thus is also suitable to self-pollinated species or genetically close 527 individuals. The results presented in this study are complementary to those published on lavender since 528 they do not target the terpene biosynthesis pathway and are more exhaustive, thus available for a wider 529 range of applications. Moreover, this is the first reported large-scale SNP development on Lavandula 530 
